Abstract -Spatial filtering using smart antenna has emerged as a promising technique to improve the performance of cellular systems. Cell splitting and sectorisation in CDMA systems could result in an increase in system capacity. In this paper, we investigate the impact of inter-cell interference on reverse link capacity in a joint multiple access system arising from the combination of CDMA and SDMA systems. The system capacity of CDMA and SDMA systems is reviewed individually. The cochannel and antenna side-lobes interferences in SDMA systems due to the randomly located mobile users in a non-uniform traffic cell are studied. Therefore, the most realistic reverse link capacity improvement of the joint multiple access system is presented here by taking into consideration both intra-sector and inter-sector interferences. The results are based on the system parameters of CDMA and SDMA systems.
I. INTRODUCTION
Cellular mobile phone systems have evolved from first and second generations that use frequency and time division multiple access (FDMA and TDMA) systems respectively, to code based third generation division multiple access (CDMA) systems. Furthermore, the exploitation of spatial diversity from the emerge of advance antenna technologies such as smart antenna and space time signal processing have induced another multiple access scheme called space division multiple access (SDMA) systems.
Flexible utilization of such resources in space, time and code has led to great improvement in system capacity. These radio access technologies change the radio network planning process and planning principles. Multiple access schemes such as FDMA and TDMA make it possible to divide different network planning phases more clearly into individual parts to allow different frequencies to be used at different time moments. In CDMA systems, the same frequency is used simultaneously in neighbour cells and the interference level should be taken into account in the coverage planning phase. Furthermore, cell splitting and sectorisation in CDMA systems could result in an increase in system capacity [1] .
FDMA and TDMA use a frequency reuse pattern in an attempt to increase system capacity. Unlike FDMA and TDMA which are considered as bandwidth limited, CDMA take advantage of voice activity and spatial isolation because its system capacity is only interference limited. Any attempt to reduce interference in CDMA systems will convert directly and linearly into increased capacity. CDMA reuses the same frequency in all cells and gains a reuse efficiency by means of orthogonal codes. However, the capacity of CDMA systems is determined by the amount of co-channel interference that it can tolerate. A significant source of interference apart from traffic in its own cell is the traffic from neighbouring cells. If the traffic load in neighbouring cells is reduced, more traffic can be accepted in the observed cell. This mechanism is a direct consequence of interference limited nature of CDMA system capacity [2] .
The deployment of SDMA system has been recognised as one of the most promising techniques for controlling cochannel interference in cellular systems, leading to the required system capacity improvement. The users are allowed to share its same traffic channel. Narrow beams from smart antenna are steered toward desired users in order to filter out interference caused by co-channel users located in the same cell and from neighbouring cells [3] .
In this paper, we analyse the performance of a joint multiple access system by combining the CDMA and SDMA systems. The interference reduction in SDMA system will produce an overall system capacity enhancement in CDMA system. Although the performance of this joint multiple access system has been previously studied [4] - [7] , we will present a more realistic performance analysis by considering the fact that the users are randomly located in a cell and neighbouring cells with non-uniform manner. Apart from co-channel interference in non-uniform traffic environment, the side-lobes from practical smart antenna will also contribute interferences to this joint multiple access system. Furthermore, the arbitrary size of smart antenna beamwidth will treat a difference manner to the co-channel interference. Any attempt to maximise channel reuse within cells may increase excessively co-channel interference in the system, limiting system capacity and degrading the overall performance. This paper is organised as follows. System models as well as propagation model and smart antenna beamforming are given in the next section. A typical SDMA system is reviewed in Section III. Section IV describes the joint multiple access system as well as its reverse link interferences analysis determination based on both intra-cell and inter-cell interference environments. This followed by the presentation of system capacity comparison performances in both intrasector and inter-sector interference environments in Section V. Finally, this paper is concluded in Section VI.
II. SYSTEM MODEL An arbitrary cluster of seven hexagonal cells is considered. Thus, it is assumed that all users around a cell beyond the first tier cells contribute negligible interference to the central cell base station (BS 0 ). Each neighbouring cell has its own base station (BS m ), m = {1,6} located at the centre of the cell. There are N users randomly located in each cell in a non-uniform distributed manner. All the cells are partitioned into three sectors. Each sector is equipped with a smart antenna with 120 o coverage. The voice activity factor, v of CDMA systems is assumed to be 0.375 [8] .
A. Propagation Model
Radio propagation of cellular systems operating at higher frequency bands is largely attenuated by three independent factors: path loss with distance, log-normal shadowing, and multipath fading. The most significant factors are path loss and log-normal shadowing. The path loss is generally modeled as the product of the µ th power of distance and a log-normal component representing shadowing losses. Thus for a user at a distance r from a base station, path loss (PL) can be simply represented as 
where ζ is the dB attenuation due to shadowing. Experimental data showed that ζ has a Gaussian distribution with zero mean and standard deviation, σ ranging from 5 -12 dB with a typical value of 8 dB, independent of the distance r. The typical value of µ in a cellular environment is between 2.7 -4.0, and is chosen as µ = 4 for fourth power law [9] .
B. Smart Antenna Beamforming
Smart antenna with an array of n antenna elements can be modelled as shown in Fig The far field radiation pattern in the direction of ψ, G(ψ) for r >> nd is given by following equation [10] 
This is a normalized gain equation for smart antenna radiation pattern where k is the inter-element spacing constant, given as 0.5 for d = half wavelength (λ/2) spacing. Considering n = 8
antenna elements and α = 0 o phase shift, the radiation pattern of smart antenna is shown in Fig. 2 in rectangular form. It is observed that besides high directive main lobe in a particular direction, several side-lobes are also being synthesized. Fig. 3 shows the half power 3 dB beamwidth sizes for various number of antenna elements. This figure shows that when n is increased, the beamwidth size will become narrower while other factors remain constant.
III. TYPICAL SDMA SYSTEM
The SDMA systems increase its capacity with spatially filtering the interferences. This system continuously adapt its narrow beam to steer each user with the main lobe while isolating interferences with nulls as shown in Fig. 4 . where h is any integer but not equal to 0, n, 2n, ….. Fig. 4 shows that the capacity of SDMA system is directly proportional to the number of antenna elements in smart antenna. The interfering users are only allowed to be located at null directions, otherwise co-channel interference between users will occur. Any additional user into this system after the limited null directions are fully occupied will also cause cochannel interference to other users.
Many researchers [4] - [7] assume that smart antenna can synthesize a high directive beam toward the desired user while nulling the interfering users to increase capacity. This assumption is not always true because the interfering users will not always locate at the null directions of the desired user radiation beam especially in non-uniform traffic environment. Fig . 5 shows that some of the interfering users may be located as same as the desired user direction and some of them may also be located at the peak sidelobes direction of desired user beam. Therefore, the context of high capacity in typical SDMA systems may not be true especially in an area where the density of mobile users is very condensed.
IV. REVERSE LINK INTERFERENCES OF JOINT MULTIPLE ACCESS SYSTEM
In order to reduce interferences in cellular system, a joint multiple access system to distinguish each user is proposed. This system is an integration of interleaves a CDMA code into the synthesized narrow beam from smart antenna. Thus, each user will be assigned a narrow beam and an orthogonal code simultaneously to distinguish them from other users. Here, we examine system capacity considering the intra-cell and intercell interference environments.
A. Intra-cell Interference
Consider a single-celled CDMA system with N users. It is assumed that a perfect power control is applied so that all the reverse link signals are received at the same power level. The base station receives the desired user signal at a power level S with N -1 interfering signals, each of them having a power level S. Therefore, the intra-cell interference, I intra is given as
However, in the joint multiple access system the N -1 interferences power level are no longer the same in AOA of the desired user, ψ c . The 
B. Inter-cell Interference
In the multi-cell CDMA system, the interference analysis becomes complicated. This is because the reverse link users are power controlled by their own cell base station. The membership of the user is determined by the maximum pilot signal power among the cells and not the minimum distance from a cell base station [8] . Because of power control, the interference level received from users in neighbouring cells depends on two factors:
• attenuation in the path to the desired user's cell base station.
• attenuation in the path to the interfering user's cell base station (power-control). The users are connected to a base station that offers the lowest signal attenuation rather than the closest base station. Thus, the user's transmitted power P t can be expressed as ) 10 ( 4 10 ζ r P P r t = (6) where P r is the received signal power at its base station [11] .
To evaluate inter-cell interference, I inter (ψ C ) in joint multiple access system, consider an interfering user in a neighbouring cell at a distance r m from its base station and r 0 from the base station of the desired user. If P t is its transmit power, the received power S at its base station is given by where G m (ψ) is the antenna gain in the direction of the interfering user to its cell base station, and ζ m is the Gaussian random variable representing the shadowing process in its cell.
Then the interference I received at the desired user's base station is given by where G 0 (ψ) is the antenna gain in the direction of the interfering user to BS 0 , and ζ 0 is the Gaussian random variable representing the shadowing process in the desired user's cell.
From (7) and (8), the interference to signal ratio, I/S is given by
The second term reveals the total antenna gain received in the direction of the interfering user to the BS 0 , and its value is less than unity. Hence, in the joint multiple access system, it will only has a maximum value when an interfering user from a neighbouring cell is located at the same AOA of the desired user, ψ c . Then G 0 (ψ) in (9) 
V. PERFORMANCE ANALYSIS OF THE JOINT MULTIPLE ACCESS SYSTEM
To examine the system capacity of this joints multiple access system in a cell we further divide a cell into three sectors to ease the estimation in our analysis. Consider N S to be the number of users per sector, the total system capacity in a cell will be three times of the capacity from a sector.
In our simulations and numerical analysis results, we consider only the first tier of interfering cells, which are 6 neighbouring cells. Hence, there are only two effective interfering cells in each sector. All the system parameters are summarized in Table 1 . A. Intra-sector interference system capacity In the intra-sector interference environment, which without considering the interference from neighbouring cells, three outage probability scenarios are evaluated. We examine the exploitation of omnidirectional antenna with voice activity factor, and smart antenna with and without considering voice activity factor. The results of outage probability for the intrasector interference environment are summarized in Fig. 6 . From this figure, it shows that by using smart antenna to synthesize a narrow beam toward the desired user, an increase in system capacity can be achieved. For example, for the 0.01 outage probability, the system capacity increases from 45 users per sector in omnidirectional antenna case to about 200 users per sector if smart antenna is exploited.
B. Inter-sector interference system capacity
In the inter-sector interference environment, the interfering users come from both sides, within the sector of interest itself and also from two neighbouring cells which are directed to that examined sector. Users from both sides, sector of interest and neighbouring cells are randomly located to form a nonuniform traffic environment. There are four outage probability scenarios being computed. Here, we consider the exploitation of omnidirectional antenna with and without voice activity factor, and also smart antenna with and without voice activity factor as well. The simulation results of system capacity for an inter-sector interference environment with fourth power law of distance are summarized in Fig. 7 . From this figure, we can state that the interferences from neighbouring cells are significant until the 0.01 outage probability for omnidirectional antenna for both with and without voice activity factor cannot be computed. This is because the number of users in a sector that can exceed the required E b /I 0 of 7.4 dB are very low in omnidirectional antenna case. Although by using smart antenna the outage probability can be computed, its performance decreased significantly. This is because side-lobes and co-channel interferences contributed from neighbouring cells are very high. By using smart antenna the system capacity is significantly increase compared with omnidirectional antenna. For example, if 0.1 outage probability is considered, the system capacity increases from 6 users per sector in omnidirectional antenna case to about 29 users per sector if smart antenna is used. 
VI. CONCLUSION
We have shown that the inter-cell interference is a major drawback to the joint multiple access of CDMA and SDMA systems. However, it is show that the joint multiple access system can significantly improve cellular system capacity compared with conventional CDMA and SDMA systems. This paper has demonstrated the most realistic reverse link capacity performance of this joint system by taking into consideration prevailing co-channel and sides-lobes interferences in both intra-cell and inter-cell environments.
